We present measurements of the magnetic susceptibility, heat capacity and electrical resistivity of Pu 1−x Lu x Pd 3 , with x=0, 0.1, 0.2, 0.5, 0.8 and 1. PuPd 3 is an antiferromagnetic heavy fermion compound with T N = 24 K. With increasing Lu doping, both the Kondo and RKKY interaction strengths fall, as judged by the Sommerfeld coefficient γ and Néel temperature T N . Fits to a crystal field model of the resistivity also support these conclusions. The paramagnetic effective moment µ eff increases with Lu dilution, indicating a decrease in the Kondo screening. In the highly dilute limit, µ eff approaches the value predicted by intermediate coupling calculations. In conjunction with an observed Schottky peak at ∼60 K in the magnetic heat capacity, corresponding to a crystal field splitting of ∼12 meV, a mean-field intermediate coupling model with nearest neighbour interactions has been developed.
I. INTRODUCTION
The AnPd 3 series of compounds, with An=U, Np, or Pu, are rare examples of actinide intermetallic compounds in which the 5 f electrons are well localised around the ionic sites. UPd 3 is a very interesting compound which exhibits four quadrupolar ordered phases below 8K 1 , whilst there are indications that NpPd 3 may also show quadrupolar order at low temperatures 2 . These two compounds crystallise in the double-hexagonal close-packed (dhcp) structure, in contrast to PuPd 3 which adopts the AuCu 3 structure, with lattice parameter a =4.105Å. This reflects the increasing localisation of the 5 f electrons as shown by recent photoelectron spectroscopy measurements 3 .
Early measurements of the bulk properties and neutron diffraction studies 4 show it to be antiferromagnetic, with a transition temperature ∼24 K, and a G-type structure, where nearest neighbour moments are aligned antiparallel. The same study found that the high temperature resistivity shows a Kondo-like behaviour, increasing with decreasing temperature. This behaviour, together with a high Sommerfeld coefficient deduced from recent heat capacity measurements 5 , led us to make a further investigation of the properties of PuPd 3 .
Our aim has been to study how the competition between the Kondo effect and the RKKY exchange interaction affects the physical properties of this compound. This may be accomplished by doping with a non-magnetic ion, which increases the distance between localised f -electrons, and hence decreases the RKKY interaction. Finally, the single-ion properties of the Pu ion may be investigated in the highly di- lute limit.
In this work, we present in section II the experimental details and in section III the measurements of the magnetic susceptibility, and heat capacity of Pu 1−x Lu x Pd 3 . These measurements are then analysed using a localised moment mean field model in section IV. Finally, section V presents measurements of the electrical resistivity and Hall coefficient of Pu 1−x Lu x Pd 3 , which are assessed in terms of a simple crystal field model.
II. EXPERIMENTAL DETAILS
Polycrystalline samples of PuPd 3 , LuPd 3 and Pu 1−x Lu x Pd 3 , with x = 0.1, 0.2, 0.5, and 0.8, were produced at ITU by arc melting appropriate amounts of the constituent elements under a high purity argon atmosphere on a water-cooled copper hearth, using a Zr getter. The AuCu 3 structure was confirmed by x-ray diffraction for each sample, and the lattice parameters are shown in figure 1 . The data show a linear dependence of the lattice parameter with increasing Lu dilution, in accordance with Vegard's Law, which also confirms the stoichiometry of the samples. In addition, there also appears to be a linear dependence of the transition temperature, T N , with doping. These temperatures were determined from magnetic susceptibility and heat capacity measurements described in the next section. At T N there is a maximum in the susceptibility, χ, and hence this temperature was determined by numerically differentiating the data to find dχ dT = 0. In the heat capacity, C p , there is a lambda step at T N , which was determined by differentiating the data to find the minima of dC p dT . The values of T N deduced from these two measurements are in close agreement, whereas the inflexion points of the resistivity data do not correlate with T N as determined from χ or C p . Nevertheless, the resistivity inflexion points show the same decreasing trend with Lu-doping as T N . Errors in T N quoted in table I were determined by the width in temperature of the lambda step for C p or the step in dχ dT .
The magnetisation and susceptibility were measured using a SQUID magnetometer (Quantum Design MPMS-7), whilst the heat capacity was determined by the hybrid adiabatic relaxation method in a Quantum Design PPMS-9 for PuPd 3 and LuPd 3 , and in a PPMS-14 for Pu 1−x Lu x Pd 3 . Small samples with mass less than 5 mg were used for the heat capacity measurements so that the decay heat does not significantly affect the measurements. The Xray diffraction, magnetisation and heat capacity measurements were made immediately after the preparation of samples in order to minimise the effects of radiation damage.
Finally, thin parallel-sided samples of each composition were extracted, polished and mounted for electrical transport measurements. As these measurements were made some three months after synthesis, we observed significant radiation damage which manifested in a high residual resistivity at low temperatures. This prompted us to anneal the samples at 800 o C for 12 h, and to remeasure the electrical transport properties. The remeasured data is presented in section V. 
III. MAGNETISATION AND HEAT CAPACITY MEASUREMENTS
A. Magnetisation Figure 2 shows the magnetisation at 2 K, which shows that the Pu-rich compositions are not saturated at 7 T. This is not surprising because we expect a J = 5/2 ion to be saturated at a field 100 T, when the splitting between the lowest two CF levels is ≫2 K. The magnetisation of Pu 0.2 Lu 0.8 Pd 3 shows some evidence of saturation, however. The magnetic susceptibility is shown in figure 3 , and the inverse susceptibility in figure 4 . The data in the paramagnetic phase above the Néel temperature are well fitted by a modified Curie-Weiss Law
where N is the number of Pu atoms in the compound, and θ CW is the paramagnetic Curie temperature. We recall that in the Weiss mean field theory, (-θ CW ) θ CW corresponds to the (anti-) ferromagnetic transition temperature. However, this theory does not take into account single ion effects such as the crystal field which are expected to be significant in PuPd 3 .
There is a field dependent residual susceptibility χ 0 (H) which mainly arises from impurities, the encapsulation and the sample holder.
In addition, the Pauli susceptibility of the conduction electrons may also contribute to χ 0 and can be estimated from the electronic Sommerfeld coefficient of LuPd 3 
. This is significantly lower than the observed values of the residual susceptibility, which are of the order of 10 −3 µ B T −1 f.u. −1 , indicating that the conduction electron susceptibility contribution is negligible. The fitted parameters to the CurieWeiss relation for each sample are given in table I. The quoted error is deduced from calculating the covariance matrix of the parameters from the covariance matrix of the data 6 assuming that this is diagonal and proportional to ε −2 where ε is the standard error in the measured moment or heat capacity as determined by the MultiVu software supplied by Quantum Design. Figure 4 shows the inverse susceptibility of the different compositions with the residual susceptibility χ 0 subtracted.
The magnitudes of the effective moments are all significantly higher than the LS-coupling value, 0.85 µ B . Any crystal field interaction will only decrease this effective moment because as the crystal field split levels become further separated and hence thermally de-occupied, their angular momentum will cease to contribute to the moment. The effective moment with zero crystal field splitting in intermediate coupling on the other hand is approximately 1.4 µ B , as calculated using the theory outlined in section IV. This value may be decreased slightly by a large crystal field, and suggests that we should use intermediate coupling to calculate the single-ion properties of Pu 3+ .
An alternative reason for the higher than expected effective moment may be due to some high moment paramagnetic impurity. However, analysis of the x-ray diffraction patterns showed that the only detectable impurity is Lu 2 O 3 which is non-magnetic. There may also be some trace amounts of oxides of Pu which is not observed in the diffraction pattern. PuO 2 is a Van Vleck paramagnet 7 which may contribute to the impurity term in equation 1, whilst Pu 2 O 3 is an antiferromagnet with an effective moment of 2.1 µ B 8 . However, one would need approximately 6 mol % Pu 2 O 3 in PuPd 3 order for it be responsible for the increased effective moment compared to the LS-coupling expectation, at which concentration it should be detectable in the X-ray diffraction pattern, which is not the case. Furthermore, the enhanced value of µ eff for Pu 2 O 3 which also has a free ion Pu 3+ configuration suggests that intermediate coupling is appropriate in these cases.
B. Heat Capacity
The heat capacity at zero field is shown in figure 5 , whilst details of the results in applied fields up to 14 T are in figure 6 . We note that at high temperatures, C p tends to the classical Dulong-Petit limit, 3NR = 99.8 Jmol −1 K −1 . For Pu 0.9 Lu 0.1 Pd 3 , the derivative in the heat capacity shows two minima, which stem from the step-like nature of the transition. The higher temperature inflexion point at ∼22 K corresponds well with the peak in the inverse susceptibility, but the lower temperature peak at ∼21 K does not match any feature in the magnetic susceptibility. Nevertheless, these two anomalies raise the possibility that there may indeed be two transitions in this compound. Moreover, as can be seen in Figure 6 , the heat capacity of Pu 0.8 Lu 0.2 Pd 3 also shows indications of two transitions.
An estimate of the electronic specific heat C el = γT and Debye temperature θ D was obtained using the approximation
which is valid at low temperatures (T ≪ θ D ), from a plot of C p /T vs T 2 shown as an inset in figure 5 . However, the magnetic heat capacity complicates the determination of γ because the Néel temperature is very low in some of the Lurich compounds. This increases the low temperature C p and hence the estimate of γ from the straight line intercept. For this reason, for the Lu-rich compositions, we show the results of fitting the data in the region above T N (γ + ) in addition to that below 8 K (γ − ) in table I. For Pu-rich compositions, the data above T N will be affected by the Schottky anomaly at approximately 17 K, and will be unreliable. Thus it appears from these estimates that the electronic heat capacity first increases with increasing x until x ≈ 0.5, whereupon it falls as x rises further. The spread in the fitted parameters when data from different ranges of temperatures in the region 25 < T < 40 K for γ + , and 2 < T < 8 K for γ − was taken as an estimate of the errors in these parameters. The Debye temperature θ D was determined from fitting the high temperature data, and appears to be independent of Lu-doping. This suggests that the phonon contribution to the heat ca- pacity is constant through the series. A good estimate of this contribution is given by the heat capacity of the non-magnetic isostructural compound LuPd 3 , which also has a negligible elec- 
The solid line is a crystal field calculation.
We have thus extracted the additional electronic and magnetic heat capacity of Pu 1−x Lu x Pd 3 by subtracting that of LuPd 3 , as
This extracted quantity, scaled by the Pu concentration, is shown in figure 7 .
The magnetic heat capacity for all the compounds shows a peak at ∼60 K, which we attribute to a Schottky anomaly from the crystal field (CF) splitting. The cubic CF on the Pu 3+ ions splits the six-fold ground multiplet (J = 5 2 in LS-coupling) into a doublet and quartet. The energy gap, ∆ CF , between these two levels determines the temperature of the Schottky peak, such that ∆ CF ∼12 meV corresponds to a peak at 60 K. The magnitude of this peak, however, is determined by whether the doublet (C p =6.3 Jmol
The data in figure 7 thus suggest a doublet ground state. This is supported by the magnetic entropy, shown in figure 8, deduced by numerically integrating the magnetic heat capacity, S(T ) = T dT . From the very low heat capacity of PuPd 3 at low temperatures, we believe the magnetic entropy from 0 to 2 K is negligble, and have not included this range in the integration. The value of the entropy at the Néel temperature is approximately R ln(3) for PuPd 3 , which is above the value, R ln(2), expected for a doublet ground state. If the electronic heat capacity γ − Pu = 76 mJmol −1 K −2 is subtracted from the integral, then we obtain S(T N ) ≈ R ln(2.4). The remaining discrepancy may be due to (i) an incomplete subtraction of the phonon contribution, as the heat capacity of LuPd 3 may not be exactly analogous to the phonon heat capacity of PuPd 3 , and (ii) a larger value of γ (see the discussion in section IV).
Finally, the inset to figure 5 shows what appears to be a hump at ∼17 K in the heat capacity of PuPd 3 . This feature was initially attributed to the Schottky anomaly from the CF splitting in reference 5 . However it is more likely due to a Schottky anomaly from the splitting of the doublet ground state in the ordered phase, and indeed such a feature is observed in the mean field calculations in the next section. A splitting of ∆ MF = 3.5 meV gives a peak at ∼17 K, which is reasonable. 
IV. MEAN FIELD CALCULATIONS
As noted in section III A, the measured effective moment for both PuPd 3 and the doped compounds is approximately 1 µ B /Pu, in contrast to the expected LS-coupling value of g J J(J + 1) = 0.85 µ B from a Hund's rule 6 H 5/2 ground state for a Pu 3+ ion.
LScoupling is a good approximation when both the Coulomb (H C ) and spin-orbit (H so ) interactions are large but H C ≫ H so . In contrast, when H C ≪ H so , j j-coupling is a better approximation, whereupon we obtain µ eff = 2.86 µ B . In between these limits, for the case of intermediate coupling, the effective moment is a function of H C and H so , and the full Hamiltonian, including both these terms and the crystal field (H cf ) and Zeeman interactions (H Z ) must be calculated.
The strength of H C and H so , parameterised by the Slater (F k ) and spin-orbit (ξ) integrals, is fixed by the atomic environment of the unfilled shell electrons. Thus in practice, intermediate coupling refers to the case where the value of F k and ξ are determined either from ab-initio (Hartree-Fock) calculations, or from experimental measurements using optical spec- The estimated electronic heat capacity, ∆C
is given in the bottom panel and has a mean value of 122 mJmol −1 K −2 .
troscopy. Using parameters determined experimentally by Carnall from the spectra of dilute Pu 3+ in LaCl 3 9 , the effective moment is 1.44 µ B . It is conceivable that in a metallic system like Pu 1−x Lu x Pd 3 there may be small changes to F k and ξ compared to the insulating salts on which the measurements of 9 were made 10 . Nevertheless, a 10 % change in F k and ξ to make the system more LS-like only yields µ eff =1.38 µ B . In order to obtain µ eff ∼1 µ B , we must double the magnitude of F k and ξ compared to their measured values, which is probably unphysical.
Given that the crystal field interaction is small, as judged by the ∼12 meV split between the doublet ground state and first excited quartet deduced from the heat capacity measurements, H cf has little effect on µ eff . Thus we believe that the lower than expected effective moment is most likely due to Kondo screening. Nonetheless, a mean field calculation which can model the antiferromagnetic order and the single ion intermediate coupling behaviour is still valuable to interpret the heat capacity and magnetisation data. Such a calculation, carried out using the McPhase package 11 , is detailed below.
We have assumed a nearest neighbour only exchange interaction between 5 f electrons, which is reasonable given the G-type antiferromagnetic structure where nearest neighbour moments align in antiparallel. Thus, there are three free parameters in the calculations: two crystal field (CF) parameters, L 4 0 and L 6 0 , and one exchange parameter J . There are two other nonzero CF parameters, but they are fixed by the cubic point symmetry of the Pu 3+ ions such that L 4 4 = 5/14L 4 0 and L 6 4 = − 7/2L 6 0 . It should be noted that the parameters used here correspond to the Wybourne normalisation 12 , rather than the usual Stevens normalisation (usually denoted B m l ). This is because the Stevens operator equivalents O m l are valid only within a single multiplet of given J, whereas we now require operators that can span all the allowed J values.
The two CF parameters are fixed by the requirement that they result in a doublet ground state with a quartet at ∼12 meV. The heat capacity is calculated by numerically differentiating the internal energy, U = ∑ n E n exp(−E n /k B T )/Z, by the temperature, and the entropy by subsequently numerically integrating this. The calculated heat capacity, shown in figure 10 , shows a shoulder around ∼20 K in accordance with the data which arises from a Schottky peak due to the splitting of the ground state doublet in the ordered phase. We can also estimate the electronic heat capacity by subtracting this calculated C ic p from the measured electronic and magnetic heat capacity, C mag p , the result of which is shown in the bottom panel of figure 10 . The spike near T N is due to the differences in the sharpness of the calculated and measured transitions in this temperature range. Overall however, the mean value,γ =122 mJmol −1 K −2 , over the full temperature range is in fair agreement with that derived from the low temperature heat capacity, γ
Similar mean-field heat capacity calculations for the other compositions, where the exchange coupling J was reduced to reflect the lower T N , did not yield the broad transitions seen in figure 7, but rather the sharp lambda anomalies expected of an antiferromagnetic transition. Thus a subtraction to deduce their electronic specific heat becomes increasingly untenable. The broad transitions observed in the data are probably due to disorder in the system as a result of the Lu doping.
Finally, the calculated internal fields in the model are 226 T (180 T) at 1 K (20 K), which agree well with the molecular field of 217 T determined from fitting the measured resistivity using a simple CF model, as described in the next section.
V. ELECTRICAL TRANSPORT MEASUREMENTS
Electrical transport measurements were carried out using thin parallel-sided samples extracted after crushing the polycrystalline buttons produced by arc-melting. The first transport measurements were completed some months after the production of the samples, so there were significant aging effects in the Pu samples. This prompted us to anneal the PuPd 3 sample, and re-measure its resistivity, resulting in a large decrease in the residual resistivity ρ 0 from 225 µΩ cm to 11 µΩ cm. Subsequently the resistivity of the other compositions was also re-measured after annealing. The values of ρ 0 show a rapid increase with Lu doping up to x = 0.5 thereafter decreasing with x, as summarised in table II. This is due to the increasing number of defects caused by Lu substitution. Finally, measurements of the Hall coefficient and longitudinal resistivity of PuPd 3 and the x=0.1,0.2,0.5 compositions in field were also carried out.
The resistivity of LuPd 3 is well fitted by the Bloch-Grüneisen relation . This quantity is plotted in the case of zero applied magnetic field in figure 11 . The in-field measurements showed little change from the zero field data, and the data for PuPd 3 agree well with previous measurements 13 , albeit with a slightly lower residual resistivity.
Qualitatively, the behaviour of the resistivity may be divided into a high temperature Kondolike regime, where the resistivity increases with decreasing temperature until ∼50 K, followed by the onset of coherence, from where it falls sharply with temperature, and shows no clear anomaly at T N . At low temperatures, the resistivity follows an exponential temperature behaviour, in contrast the power law behaviour expected in metals from the Bloch-Grüneisen relation. Electrons scattering from antiferromagnetic magnons will give rise to an exponential temperature dependence, as will spin-disorder scattering from the localised 5 f moments themselves. A fit to the electron-magnon resistivity 14 assuming an isotropic magnon dispersion ω = √ ∆ 2 + Dk 2 , such that 15
yields, however, a spin-gap ∆ = 4 meV which is significantly larger than that expected from the heat capacity below T N , if the shoulder at 17 K corresponds to a Schottky peak which arises from a gap of approximately 3.2 meV. In contrast, this very splitting between the doublet ground states in the ordered phase is predicted by the spin-disorder resistivity model described below. Above ∼70 K, the resistivity is well fitted by a ρ 0 − ρ 1 log(T ) term 16 , where ρ 0 is the residual resistivity, and ρ 1 is proportional to the interaction between the conduction electrons and Kondo impurities. The fit is shown in figure 11 ,with parameters ρ 0 = 235.8(3) µΩ cm and ρ 1 = 22(1) µΩ cm for PuPd 3 . The value of ρ 1 initially decreases with Lu doping to 15(2) µΩ cm for x = 0.1 and 16(2) µΩ cm for x = 0.2 but then increases to 27(3) µΩ cm for x = 0.5. This increase suggests that the Kondo interaction is strengthened at half doping.
The magnetic resistivity of Pu 0.2 Lu 0.8 Pd 3 does not show the Kondo behaviour of the other compositions, but rather increases with increasing temperature with a plateau region around 30-80 K. This behaviour and also the exponential temperature dependence of the low temperature part of the resistivity is characteristic of a simple crystal field spin-disorder resistivity model 17 . This model is based on the scattering of conduction electrons with spin s by a localised moment J through an exchange interaction −2Gs · J, giving the resistivity in the first Born approximation as where the occupation factor for the crystal field level at E i is p i = exp(− E i k B T ) and the conduction electron population factor is f ii
The wavefunctions |ψ i and energies E i are determined by diagonalising the crystal field Hamiltonian.
In the absence of a crystal field, the 2J + 1 degenerate spin orbit ground state levels yield a temperature independent resistivity given by
In our case, with a J = 5 2 multiplet in a cubic crystal field, and in the absence of a magnetic field, equation (6) reduces to a sum of exponential functions, because the wavefunctions |ψ i are fixed, and the crystal field parameter can only change the splitting ∆ CF between the quartet and doublet. There is thus a universal behaviour, with the resistivity tending to ρ (0) s−f at T ≫ ∆ CF , and then falling exponentially as the temperature falls below some level such that the excited crystal field states are no longer populated. This temperature is approximately 0.4∆ CF , so the model suggests a splitting ∆ CF ≈ 3.2 meV, as the drop off in resistivity occurs around 15 K. This is significantly smaller than the splitting deduced from the Schottky peak at ∼60 K but is similar to the splitting of the ground state doublet (∆ MF ) in the ordered phase, as determined by the shoulder at ∼17 K in the heat capacity data. In order to accommodate this splitting, we introduce a molecular field B mf term. The low temperature exponential increase is then governed primarily by the split doublet, with a second exponential step at higher temperatures due to the crystal field splitting. It turns out that this second step is not observed in the case of PuPd 3 because the two steps merge into each other. Indeed a fit to the data below T N with all parameters in the spin-disorder resistivity model varying freely yields a CF splitting of 14 meV, in agreement with the heat capacity data. As B mf decreases in line with T N with increasing Lu doping, whilst the CF splitting remains constant, the two steps become more pronounced in the calculations. These two steps are observed in the case of Pu 0.2 Lu 0.8 Pd 3 , but the second step is masked by the Kondo screening in the other compositions.
Using this simple crystal field model we obtained the parameters shown in table II. Figure 12 shows the resulting fit to the data with shows an upturn at low temperatures, which cannot be accounted for by the current model. In addition, this upturn affects the fit by decreasing the ratio between the maximum and minimum resistivity, and hence ρ (0) s−f . The exponential increase in the resistivity also occurs at a higher temperature and over a broader temperature range in this composition than in the others, which explains the anomalously high B mf . These features may be artefacts of the sample, because whilst an aged Pu 0.9 Lu 0.1 Pd 3 showed the upturn at low temperatures, the annealed sample did not, whereas s−f changed by less than 10%. The fits thus showed that the f -conduction electron interaction decreases with Lu doping, with a slight increase for the x = 0.5 composition compared to x = 0.2 and x = 0.8, in agreement with the fits to the Kondo parameter ρ 1 .
We now turn to the electrical transport prop-erties in an applied magnetic field. The temperature dependence of the Hall coefficient R H and the magnetoresistivity ρ xx in 9T are shown in figure 13 . ρ xx (T ) follows the same behaviour as the zero field resistivity shown above, with the exception that there is a small peak just below the Néel temperature as shown in the inset to the figure. This was not observed previously and is reminiscent of the superzone scattering near T N in the heavy rare earths 18 . The temperature dependence of the Hall effect may be described phenomenologically by a scaling of the magnetisation, as in
where R 0 is the ordinary and R 1 the extraordinary Hall constant. In figure 13 , the solid lines show fits of the Hall coefficient to this relation using the measured magnetisation data. Both the ordinary and extraordinary Hall constants were found to decrease with Lu doping, as shown in table III. R 1 is proportional to the conduction-f electron exchange interaction strength G discussed above, so the decrease in its magnitude further indicates that this interaction becomes weaker with Lu doping. Finally, we observed that the magnetoresistance, ρ(B), is linear with applied field for all samples, and showed a negative slope at high temperatures and a positive slope at low temperatures, except for LuPd 3 where the slope was always positive. We interpret the negative magnetoresistance to be a sign of the Kondo effect at high temperatures, with the normal metallic behaviour giving a positive magnetoresistance at low temperatures.
VI. CONCLUSIONS
We have completed extensive bulk properties measurements on antiferromagnetic PuPd 3 and the pseudo-binary compounds Pu 1−x Lu x Pd 3 . The transition temperature was found to decrease linearly from T N =24.4(3) K in PuPd 3 to 7(2) K in Pu 0.2 Lu 0.8 Pd 3 .
Heat capacity measurements show a Schottky anomaly at ∼60 K, which was interpreted as arising from a crystal field splitting between a doublet ground state and an excited state quartet at ∼12 meV. The deduced Sommerfeld coefficient, γ was found to be significantly higher than that expected for the free electron model, with a value of the order of 0.1 Jmol −1 K −2 determined by fitting the data directly and by subtracting the calculated magnetic and measured phonon contributions. Direct fits to the data suggest that γ decreases with increasing Lu substitution. The magnetic heat capacity was calculated using a mean field model which showed that the shoulder in the data corresponds to a splitting of the doublet ground state in the ordered phase with a gap of ∼3.5 meV. The size of this gap is supported by fits of the resistivity to a crystal field model.
Magnetic susceptibility and magnetisation measurements also showed that the paramagnetic effective moment, µ eff increases with Lu concentration, approaching the value expected in intermediate coupling. These observations arise from the Kondo interaction which suppresses the effective magnetic moment but enhances the electronic effective mass, m * . As the Kondo interaction decreases with Lu doping, µ eff is screened less, and γ ∝ m * falls.
Electrical transport measurements support this decrease in the Kondo interaction with increasing Lu concentration, x, as parameters proportional to the f -conduction electron coupling in a crystal field model of the resistivity and Hall effect were found to fall as x increases.
